A new detector for atomic spectroscopy was developed based on the photoacoustic principle. A simple system was constructed based on this detector and applied to the trace analysis of mercury. The detection limit was found to be about 0.2 µg/l of mercury with a one milliliter sample.
This pulsing pressure is acoustic energy, or "sound," and could, in theory, be sensed by a microphone.
The origins of this method are in the work done by Alexander 'Graham Bell· and John Tyndall in the 1880's. Short histories can be found in the articles of Harshbarger and Robin (1) , Adams, et aJ... (2}, Rosengren (3) and Kreuzer (4) . But it was not until the late 1960's that it became useful as an analytical technique. This was partly due to development of electronic means for detecting small signals,. but was especially due to the development of intense monochromatic light sources such as tunable dye lasers.
Trace analysis using photoacoustic spectroscopy (PAS) has mostly been appl~ed to measurements in the gas phase using visible. and infrared radiation from lasers (4, 5, 6, 7, 8) . It has been shown to be an effective method for measuring trace gases in the atmosphere which have very small absorption coefficients, such as n-but~e (8) and NO, 2-7 -3 down to 1.0 x 10 molecules cm (6) .
Some work has also been done studying the absorption of solids using PAS (8, 9, 10, 11, 12, 13, 14) . This is usually done by using a high wattage continuum source such as a xenon lamp in conjunction with a scanningmonochromater .. Studies have even been done on nonfluorescent absorbers in liquid solutions by using a piezoelectric ceramic tube which uniquely serves as both the sample holding cell and pressure sensor for the light-pulse generated pressure·fluctuations (5) .
PAS has also been used as a tool for studying various reaction mechanisms as well as several other properties of mater~als. Harshbar-g~r and Robin (16) studied the·quenching of iodine atoms by oxygen.
Robin and Kuebler (17) also employed it to study relaxation of excited states of aromatic ketones. Wetsel and McDonald (18) have even demonstrated the possibility of determining absolute optical apsorption coefficients using PAS.
However, there has been very little use of PAS in the ultraviolet region compared to its use in the visible and IR. Some work has been done by Robin (5) inert gas such as nitrogen, the excited atom then loses its excess energy through collisional processes, which in effect, heats the gas slightly. This small temperature rise causes a corresponding pressure increase which will pulse at the same rate as the impinging light.
The situation might be considered analogous to atomic fluorescence spectrometry, which has been adequately described by Winefordner and Elser (19) and Kirkbright and Sargent (20) . In order for a signal to be detected, a photon of electromagnetic radiation must first be absorbed by the atom. This will cause an electronic excitation of the atom with an energy increase corresponding to the ene.rgy of the absorbed photon. This is termed resonance fluorescence and is of primary interest in AFS. Any process which reduces this reaction will obviously reduce the signal which is detected. The lifetime of the excited state is one important factor in AFS and for Hg*(3P1) this is on the order of -7 l x 10 seconds.
If, however, the excited atom collides with a foreign atom or molecule before fluorescing, the excess energy may be transferred to this other body as energy of vibration, rotation, tr.anslation or some combination of these. This energy will eventually become translational energy, w~ich in effect, raises the temperature of the gas. This is termed collisional quenching and is of primary concern in photoacoustic spectroscopy. Conditions which favor this process are high pressures of for~ign molecules, especially those which are known to be efficient quenchers. For a gas such as nitrogen at one ' . i L 5 atmosphere pressure, it can be calculated from kinetic theory (see 
Iq = IAb -IF
By using conditions under which cf> is very small, for example 6 high pressures of efficient quenching.molecules, the fluoresced energy will be small and essentially all the absorbed energy will be quenched.
Thus, the absorbed light energy essentially becomes a temperature increase, which corresponds to a pressure increase within the cell.
Assuming that the pressure transducer and amplification respond linearly, a signal, S, which is then proportional to the absorbed. power, IAb will then be detected. Connection of the cell to the microphone was provided by a capillary with 0.8 mm i.d. and about 9 cm in length. This larger size capillary offered a low enough resistance to allow the pressure pulse to .be transmitted to the microphone chamber without much atten-. uation (21) . This was done in order to allow the option of heating the cell without heating the microphone. The microphone capillary was attached to:an aluminum microphone housing with silicone cement.
The microphone (see Fig. 3 ) was constructed around a BNC ·connector to facilitate connection to the preamplifier. The microphone was an electret type with its diaphragm made of 0.5 mil mylar film with a thin metalized coating on one surface.
In order to charge the film, it was placed on a flat glass surface with the metal side down and a Tesla coil waved above it (2-3") for about two minutes (22) . Care must be exercised·at this point in 
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The controlling pulses for the light and lock-in amplifier were generated by a SC/MP microprocessor system (see Appendix D).
This assured that only signals with exactly the frequency· of the light source were amplified. There was also flexibility .in the phase angle relationship of the detected signal with respect to the pulsing signal.
Also, the duty cycle of the light pulse was easily adjustable.
However;. both the lock-in amplifier and light pulses. had to be at precisely the same frequency as the narrow band-pass preamp. One further advantage in using the SC/MP was that the output signals could In order to estimate the response to mercury vapor, a small utube was connected to.the cell inlet. This tube contained tiny droplets of mercury. By flowing nitrogen through this tube and then into the detection cell, a mercury pressure of about 0.002 torr was produced.
At a lamp current of 40 ma, a signal of about 1000 mV was produced, which decreased as pure nitrogen was flushed through the system.
The results of these in.itial tests showed that the technique could.be used to detect mercury and, in fact, might be extremely sensitive. Estimates using the ideal gas law showed that approximately 100 ng of mercury within the cell produced a very strong signal and that detection limits based on this value alone would be well below one nanogram. By using the previously described reducing chamber, the response of the system to actual mercury s·olutions was investigated.· In one series of ex~eriments, in which the lamp was used with the lens, the results of Figure 6 were obtained. The results were linear, although in some experiments, the.reproducibility was not exception~l. For instance, when a repeated sample of 2.5 µg/l Hg was run, signal levels of 33,27 ,41,40 and 38 mV were obtained. The diff.erences were probably caused by either sample entry variations .or adsorptipn or desorption ' within the system, such as in the drying .tube. An estimate of the detection limits where the signal is equal to the lowest peak-topeak noise level would be about 0.13 µg/l. This noise level is 18 shown on Figure 5 , as well as the standard deviation based on the lease.reproducible series. After some proficiency had been acquired, better results were obtained, as the points plotted in Figure 5 show.
The detection limits of mercury by this simple system can be compared to the limits by other means. Normal atomic absorption gives limits on the order of 0.5 mg/l, however by using elaborate techniques, results with detection limits of 1 ng/l have been re-.
ported (27) . Most cold vapor techniques, however, give results of about 0.1.µg/l. So a mercury detection system based on this method, even with its simplicity, compares favorably with other methods, and with modifications in design could very well do better. 2) Lock-in Amplifier Figure 9 is the schematic for the lock-in amplifier u.sed.
After a short period for warm up, the Qutput of IC2 was monitored on an oscilloscope with the input gr9unded. The trimming resistors of ICl and IC2 were then adjusted to give an even output of zero volts. IC3 was then adjusted to give a zero ·output.
With a small d.c. input, the waveform of IC2 should then be a square wave equally spaced about zero. This is averaged out by the low pass filter of R9 and Cl to a zero volt input to IC3.
Only a signal with exactly the frequency of the gating operation will produce a d.c. signal at the output. Any-other frequencies will be averaged out to zero. Signals which are exactly of the gating frequency but 90° phase shifted will also cause zero output.
The circuit used was a modified absolute value detector with analog gates, Gl and G2 replacing diodes. It was these gates which were operated by the SC/MP controlling pulses. For a 50% duty cycle lamp pulse, the corresponding pressure pulse will be about 90° phase shifted (see Figure 10 ). Therefore, once the program has been loaded, one only has to change the contents of memory addresses 8006 and 800F for small changes in period length or those of 8008 and 8011 for larger time changes.
LAMP
These pulses will, of course, produce electromagnetic radiation of exactly the lock-in frequency. This mostly was eliminated by wrapping the microphone and preamp with aluminum foil. However, any stray signal picked up was fortunately cancelled because a lock-in amplifier does not respond to signals of the same frequency which are 90° out of phase.
When determining the frequency response of the band-pass preamp, one of the signals produced by the SC/MP was used. Since this was a square wave of 3.5 Vpp, the primary sine wave which is produced will ., 28 be 4 TI (3.5) = 4.44 Vpp. This was first attenuated by a 700 K resistor in series with a 260n resistor before applying it to the preamp input.
Thus, a 1. 6 mVpp sine wave of the frequency of interest. was be.ing applied which allowed the overall gain response to be calculated.
' SC/MP ASSEMBLER For the final preamp circuit used (see Appendix C), it was found that the assembly language program of Table II would generate   the desired pulse frequency.   TABLE II   PROGRAM 
